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Mass spectra of meso-phenyl-substituted tetrabenzoporphyrins were investigated by fast-atom 
bombardment mass spectrometry and tandem mass spectrometry. A cluster of adduct ions 
with mass-to-charge ratio values higher than the corresponding molecular ions of the 
porphyrins has been observed. The mass number differences among the series of cluster ions 
are constant depending on the para-phenyl substituents. Under certain conditions, dimers or 
trimers of molecular ions with low abundances have been detected. To trace the origin of the 
adduct ions, a series of experiments based on mass spectrometry have been carried out. The 
mass spectrum of tetrabenzoporphyrin showed no adduct ions with mass number differences 
of 90 even with the addition of phenylacetic acid. The mass spectrum of meso-tetraphenylte- 
trabenzoporphyrin 13C-labeled at the meso carbons showed adduct ions with mass number 
differences of 91. Product spectra of [2M + H]+ or [3M + H]+ of porphyrins exhibited 
adduct ions. All these results suggest that fragmentations of [2M + H]+ or [3M + H]+ may 
be one of the many possible routes to form the adduct ions, and the mass number differences 
among the series of these cluster ions should correspond to the benzyl group from the meso 
positions of meso-phenyl-substituted tetrabenzoporphyrins. 0 1997 American Society for 
Mass Specfromety (1 Am Sot Mass Spectrom 1997, 8, 62-67) 
P 
orphyrins are of special interest in a variety of 
fields, from biology, biochemistry, and geochem- 
istry to cancer research. Mass spectrometry has 
been shown to be a powerful approach for structure 
elucidation of porphyrins. Mass spectrometry studies 
of some low-molecular-weight porphyrins have been 
investigated by using electron ionization [l, 21 and 
chemical ionization [3, 41. However, these ionization 
techniques are not widely applicable for porphyrin 
derivatives of high molecular weight such as meso- 
phenyl-substituted tetrabenzoporphyrins. Fast-atom 
bombardment mass spectrometry (FAB/MS) was in- 
troduced by Barber et al. [5] in early 1981. It has 
become a widely used ionization technique for the 
investigation of a variety of polar, thermally labile 
compounds. The ionization mechanism and ion-mole- 
cule reactions in FAB/MS have been subjects of gen- 
eral interest; however, this technique has been used for 
the structural determination of porphyrins and metal- 
loporphyrins. Musselman et al. [6] investigated the 
preformed ions of porphyrins by adding trifluoroacetic 
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acid to the fast-atom bombardment (FAB) solvent to 
facilitate protonation of the molecule. Naylor and Lamb 
171 studied the demetallation and redox chemistry of 
porphyrins and metalloporphyrins in FAB/MS. Castro 
et al. [8] and Schurz and Busch [9] mentioned the 
occurrence of additional ions in the vicinity of the 
molecular ion or the protonated molecule of the por- 
phyrin. The presence of [M - HI+, [M + 2Hl+, and 
[M + 3H]+ m the positive ion FAB mass spectra of 
several geoporphyrins was referred to by Castro et al. 
[8]. Schurz and Busch [9] investigated the extent of 
reduction observed for a number of porphyrins, in- 
cluding metalloporphyrins, in several different liquid 
solvents used for FAB. For the structural determina- 
tion and studies of ion-molecule reactions in the gas 
phase, tandem mass spectrometry is considered a pow- 
erful method. Two studies of doubly charged por- 
phyrins by tandem mass spectrometry were carried 
out by Van Berkel et al. [3] and Beato et al. [lo]. 
The molecular structures of the series of meso- 
phenyl-substituted tetrabenzoporphyrins and their 
metallo derivatives were studied extensively by Cheng 
and co-workers [ll-131 by using single-crystal x-ray 
diffraction. FAB/MS of these porphyrin systems 
showed several unusual characteristics. In this article 
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we present a detailed description of the behavior of 
meso-phenyl-substituted tetrabenzoporphyrins in 
FAB/ MS. Tandem mass spectrometry was used to 
trace the origin of some special adduct ions. 
Experimental 
All the tetrabenzoporphyrin series of compounds used 
for our studies are shown in Figure 1. Tetrabenzopor- 
phyrin (TBPH,) and its meso-phenyl-substituted 
derivatives were prepared, purified, and demetallated 
by the procedures published previously [14-161. The 
p-fluoro-, p-methyl-, and 3,5-dimethyl-substituted te- 
traphenyltetrabenzoporphyrin (TPTBPH,) derivatives 
were prepared in similar fashion starting with p- 
fluorophenylacetic acid, p-tolylacetic acid, and 3,5-di- 
methylphenylacetic acid, respectively. TPTBPH, with 
meso-i3C positions labeled was prepared by using 
phenylacetic-cY-13C acid, which was purchased from 
Aldrich Chemical Co. (Milwaukee, WI). 
All solvents used were of liquid chromatographic 
grade. Solvents for the FAB matrix, including glycerol 
and 3-nitrobenzyl alcohol (NBA), were obtained com- 
mercially (Aldrich) and used without further purifica- 
tion. Initial experiments used glycerol as a solvent for 
FAB analysis. After the initial experiments, 3-r&o- 
benzyl alcohol was used for FAB analysis of the sam- 
ples to increase the abundances of the adduct ions. To 
improve the solubility of meso-phenyl-substituted te- 
trabenzoporphyrins in the FAB matrix, all porphyrins 
were first dissolved in dichloromethane, then mixed 
with matrix at a level of about 1 pg/pL and approxi- 
mately 2 - 3 PL of sample solution was placed on the 
stainless steel sample tip. The sample solution was 
then immediately analyzed. 
Mass spectra were obtained with a JEOL (Tokyo, 
Japan) JMS SX/SX 102A high resolution double-focus- 
ing four-sector tandem mass spectrometer. The mass 
spectrometer was operated at a full accelerating volt- 
age of 10 keV with a standard JEOL FAB source. 
Xenon was used as the primary atom beam accelerated 
to 5 keV with an ion current of 20 mA. Spectra were 
obtained with a magnet scan rate of 10 s per decade. 
The source pressure was typically - 1.5 X lop3 Pa 
(lop4 torr). Helium was used as the collision gas to 
attenuate the intensity of the ion beam from the source 
by 30%. Tandom mass spectrometry (MS/MS) data 
were recorded by using linked scan at a constant B/E 
ratio to record product ion mass spectra from reactions 
occurring in the first field-free region of the instru- 
ment. The resolution of the mass spectrometer was 
about 3000. To study the adduct reaction in the ion 
source, a Fison (Danvers, MA) VG-Quattro triple 
quadrupole mass spectrometer was used in product 
ion spectrum experiments to scan the mass range over 
twice the molecular weight of the porphyrin. 
Result and Discussion 
Fast-Atom Bombardment-Mass Spectromety 
Positive FAB mass spectra of some representative 
meso-phenyl-substituted tetrabenzoporphyrins are 
shown in Figure 2. The relative abundances of molecu- 
lar ions or protonated molecules of all meso-phenyl- 
Compound M.W. RI Rz R3 R4 
TBPHz 510 H H H H 
1 PTBPH2 586 C6HS H H H 
(S,lO)-2PTBPHz 662 C6H5 C6H5 H H 
(5,15)-2PTBPHz 662 C6H5 H c6H5 H 
3PTBPH2 738 C6HS C6H5 C6H5 H 
TPTBPHz 814 C6H5 C6H5 C6H5 C6H5 
CHvTPTBPH2 870 cHdkH4 cH3c6H4 CH3CaH4 CHGH4 
F-TPTBPH2 886 FC~H.I FC6H4 FCsH4 F&H4 
3,5-Mez-TPTBPH2 926 3,5-MezCsH3 3,5-Me2C6H3 3.5~MezC6H3 3,5-Me2C&h 
C13-TPTBPHz(*) 818 C6H5 C6H5 C6H5 C6H5 
Figure 1. The structures of meso-phenyl-substituted tetrabenzoporphyrins. 
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Figure 2. Positive ion FAB mass spectra of (a) TBPH,, (b) 
TPTBPH,, and (c) (5,10)-ZPTBPH,. 
substituted tetrabenzoporphyrins examined are very 
high. The molecular ions are the most abundant ions 
for TBPH, and TPTBPH,. Schurz and Busch [9] pro- 
posed that the M+’ can be observed in the mass spec- 
trum owing to the particularly stable nature of this 
odd-electron molecular ion. Additional ions in the 
vicinity of the molecular ion or the protonated molecule 
of the porphyrin, for example, [M - HI+, [M + 2H]+, 
and [M + 3H], also are observed. Similar observations 
have been mentioned by several authors in the 
FAB/MS analysis of porphyrins [6, 81. Therefore, the 
FAB ionization method is an appropriate technique for 
the identification of nonvolatile compounds such as 
meso-phenyl-substituted tetrabenzoporphyrins in mass 
spectrometry. 
In the high-mass region, all the different ions show 
that this is a problematic situation for molecular weight 
determination and determination of mixtures. The 
dimer or protonated dimer ions [2M + HI+ of all por- 
phyrins were observed with low abundances. It is 
possible that these ions are formed in the ion source 
owing to ion-molecule reactions of porphyrins. Under 
certain conditions, trimers or protonated trimer ions 
also can be observed. 
In all the spectra of this series of porphyrins except 
TBPH,, clusters of adduct ions with mass numbers 
higher than those of the corresponding molecular ions 
of the porphyrins other than dimer and trimer ions 
were observed. For the mass spectrum of TPTBPH,, 
the protonated molecule at m/z 815 is the base peak 
(Figure 2b). The major adduct ions are at m/z 905, 
995, and 1085. These ions appear with successive dif- 
ferences of 90 mass units. The dimer ion and the 
accompanying adduct ions with 90 mass unit differ- 
ences also can be found in the high-mass range at m/z 
1600-1800. 
Similar behavior has been noticed for meso-phenyl- 
substituted tetrabenzoporphyrins with one, two, and 
three phenyl substituents [PTBPH,, (5,10)-2PTBPH,, 
(5,15)-2PTBPH,, and 3PTBPH,]. That is, all tetraben- 
zoporphyrins with meso-phenyl substituents show 
abundant molecular ions with extra peaks correspond- 
ing to the successive addition of adduct groups with 
90 mass units. These results suggest that the formation 
of these adducts should be related to the mesa-phenyl 
substituents. 
To further confirm the nature of the adduct group 
in the positive FAB mass spectra of meso-phenyl- 
substituted tetrabenzoporphyrins, mass spectra of 
TPTBPH, derivatives with phenyl substituted at meta 
or para positions were studied. For CH,-TPTBPH, 
with methyl substituted at para-phenyl positions (Fig- 
ure 3a), the mass differences between the molecular 
(a) ,mlM+w 
‘Ml I 
@) IM 
1 
Figure 3. Positive ion FAB mass spectra of (a) CH,-TPTBPH,, 
(b) 3,5-Me,-TPTBPH,, and (c) F-TPTBPH,. 
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ion and the successive adduct ions increased to 104 
mass units. For 3,5-Me,-TPTBPH, with two methyl 
groups substituted at meta-phenyl positions (Figure 
3b) and F-TPTBPH, with fluoro substituted at paru- 
phenyl positions (Figure 3~1, the mass number differ- 
ences between molecular ion and adduct ions changed 
to 118 and 108 mass units, respectively, in the positive 
FAB mass spectrum. Therefore, a series of adduct ions 
which have mass numbers higher than the protonated 
molecular ion are observed in the positive FAB mass 
spectra of all meso-phenyl-substituted tetrabenzopor- 
phyrins. 
However, there is no obvious correlation between 
the number of the meso-phenyl substituents on TBPH, 
and the patterns of the adduct ions. It is reasonable 
that the number of phenyl substituents should indeed 
affect the abundances of the adduct ions, but because 
of the complicated ionization mechanism involved in 
fast-atom bombardment ionization, monitoring this 
effect has not been possible so far. 
The mass differences between the successive adduct 
ions in the positive FAB mass spectra of meso-phenyl- 
substituted tetrabenzoporphyrins depend on different 
meso-phenyl substituents and correspond to substi- 
tuted benzyl groups. We suggest that the benzyl groups 
may come from the fragmentation at the meso-carbon 
where the phenyl substituent is attached. The positive 
ion FAB mass spectrum of TPTBPH, with i3C labels at 
the meso-carbons (Figure 4) has been studied carefully 
to confirm the origin as the a-carbon of the presumed 
benzyl fragmentation. With 13C-labeled compounds, 
the mass differences between the adduct ions and the 
molecular ion did change from 90 to 91 units. There 
are no adduct ions of TBPH, found in the FAB mass 
spectrum of the mixture TBPH, and TPTBPH,, but for 
TPTBPH, a series of adduct ions exhibits as in the 
spectrum of TPTBPHZ. In the FAB mass spectra of 
meso-pheny-substituted tetrabenzoporphyrins, the mol- 
ecular ion fragment ions or the protonated molecular 
ion due to loss of the neutral radical phenyl carbene 
group are not observed. This means that the adduct 
ions may not come from simple ion-molecule reaction 
of self-chemical ionization like that of other organic 
compounds in the ion source [17, 181. 
There are no substituents on the meso position of 
TBPH,. The FAB mass spectrum of TBPH, (Figure 2a) 
shows no adduct ions 90 mass units higher than the 
molecular ion. The synthesis of the TBPH, series of 
compounds always used a large excess of phenylacetic 
acid. There is no observed effect on the spectrum when 
phenylacetic acid is added to TBPH, in the FAB source. 
FAB mass spectra of (5,10)-2PTBPH, with and without 
phenylacetic acid added in the ion source also were 
obtained. The relative abundances of cluster ions at 
m/z 752 ([M + H + 90]‘), m/z 842 ([M + H + 
180]+), and so forth, are not affected by adding pheny- 
lacetic acid. These results indicate that those cluster 
ions cannot be the products of the ion-molecule reac- 
tions of the porphyrin and phenylacetic acid in the ion 
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(M+H)+ 
z 50 
s i I 
742 
0 LL 
8,9 W+W+ 
Figure 4. Positive ion FAB mass spectra of (a) TPTBPH, and 
(b) ‘3C-iabeled at mesa-carbons of TPTBPH *. 
source, even if some phenylacetic acid residue were 
carried over. 
Fast-Atom Bombardment-Tandem Mass 
Spectromet y 
Tandem mass spectrometry (MS/MS) has been shown 
to be a powerful approach for structure elucidation of 
porphyrins [19, 201. To confirm the origin of these 
adduct ions in the positive FAB mass spectra of meso- 
phenyl substituted tetrabenzoporphyrins, a series of 
FAB/MS/MS experiments were performed. We have 
noticed that all our tetrabenzoporphyrin series formed 
dimers or trimers, and so forth. Because of their rather 
low abundances, usually it is not easy to obtain the 
peaks due to the coalescence of the molecular ions in 
the normal mass spectra of organic compounds. How- 
ever, this could be proved for porphyrins from the 
product ion spectra of dimer or trimer ions by using 
MS/MS. 
Product ion spectra of the protonated trimer [3M + 
HI+, m/z 1759 and 1987 for lPTBPH, and (5,10)- 
2PTBPH,, respectively, showed a series of fragment 
ions with higher mass than that of the molecular ion 
(Figure 5), and the product ions in the spectra show a 
characteristic mass unit difference of 90. Product ion 
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(4 
1M 
1 
(M+H)+ 
87 
(3M+H)+ 
(M*H+so)+ 1759> 
,677 (2M+H)+ I 
(t&H)+ 
(3M+H)+ 
&z 
Figure 5. Product ion spectra of the [3M + HI’ ion of (a) m/z 
1759 of WTBPH, and (b) m/z 1987 of (5,10)-2PTBPH, by FAB. 
spectra of a series of adduct ions such as 2M+, [2M + 
HI+, [2M + H + 901+, [2M + H + lOgI+, and [2M + 
H + 118]+, of the meso-phenyl-substituted tetrabenzo- 
porphyrins gave the expected adduct ions showing the 
mass number differences of addition correspond to the 
benzyl groups from the meso position of meso-phenyl- 
substituted tetrabenzoporphyrins. That is, these adduct 
ions can be formed from cleavage of the coalescence of 
the molecular ion in the ion source. 
To study the fragmentation of the molecular ion of 
meso-phenyl-substituted tetrabenzoporphyrins and the 
formation of adduct ions, a product ion spectrum of 
lPTBPH, was obtained on a triple quadrupole mass 
spectrometer by extending the scan mass range to 
thrice the molecular weight of lPTBPH, (Figure 6). A 
characteristic ion at m/z 509 is observed that corre- 
sponds to loss of the phenyl group from the molecular 
ion. It must be emphasized that the characteristic (Y- 
cleavage of the porphyrins to lose a phenyl carbene 
group from the molecular ion is not exhibited. There 
also have been no adduct ions observed in the mass 
range beyond the molecular ion of lPTBPH, at m/z 
586. Therefore, the adduct ions of meso-phenyl-sub- 
stituted tetrabenzoporphyrins are not from the reaction 
of molecular ions and phenyl carbene groups in the 
FAB source. The neutral loss scan of mass number 90 
for TPTBPH, shows that the series adduct ions contain 
the neutral phenyl carbene radical groups. From exper- 
iments based on fast-atom bombardment mass spec- 
trometry, the results suggest that fragmentations of 
M+ 
/ 
8 
Figure 6. Product ion spectrum of M+‘, m/z 586 of PTBPH, 
by triple quadrupole FAB/MS/MS. 
[2M + HI+ or [3M + HI+ may be one of the many 
possible routes to form the adduct ions, and the mass 
number differences among the series of these cluster 
ions should correspond to the benzyl group from the 
meso position of meso-phenyl-substituted tetrabenzo- 
porphyrins. The route of the adduct ions of WTBPH, 
formation is proposed in Figure 7. Dimers of WTBPH, 
are formed in the solution or in the ion source through 
rr-v conjugation. The proton is added to the meso- 
carbon atom of one molecule of dimer to form a 
protonated molecular ion. The phenyl carbene radical 
groups are produced from the collapse of the proto 
nated molecular ion-in the FAB ion source and imme- 
diately captured by the other molecule of dimer. This 
proposed scheme also can be used to explain why it is 
not easy to observe the fragment ions of the proto- 
2M 2M+H’ 
M + 90 M+H++90 
Figure 7. Proposed adduct ion formation for IPTBPH, in the 
FAB ion source. 
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nated molecular ions lose a phenyl carbene radical 
group. 
Conclusion 
Our mass spectra of meso-phenyl-substituted tetraben- 
zoporphyrins show extremely abundant molecular ions 
accompanied by peaks corresponding to the successive 
addition of adduct groups. The use of substituted 
meso-phenyl substituents and r3C-labeled compounds 
has confirmed that the added groups are the benzyl 
groups which originate from fission of porphyrins at 
meso-carbon atoms where phenyl substituents are at- 
tached. During the syntheses and characterizations of 
this series of TBPH, derivatives, Yasuike and co- 
workers [16] also noticed similar phenomena in their 
field-desorption mass spectra. They suggested without 
further evidence that the formation of these benzyl 
adducts is probably brought about by the pyrolysis of 
phenylacetate during synthesis at the high reaction 
temperature (360 “0. Although this study does not 
preclude the existence of other possible mechanisms 
for the formation of these adduct ions, our results by 
using MS/MS demonstrate that the adduct ions can 
come directly from the cleavage of the coalescence of 
the molecular ions in the ion source. The formation of 
these coalescent molecular ions is another interesting 
subject that needs further investigation. Further work 
with functionalized porphyrins is necessary to realize 
the full potential of MS/MS in obtaining structural 
information and details regarding ion-molecule reac- 
tions in the source. Work on meso-phenyl-substituted 
tetrabenzoporphyrins with various central metals and 
axial ligands is under way in our laboratory. 
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